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(time operator)T , $\mathrm{I}\backslash$ $H$
$[T, H]=i$ . (1.1)
( , ,
, ). ,
( , [1] )
, (arrival time)
( Muga Leavense [2] ) .





. , 2 . ,
(1.1) , $T$ $\mathrm{I}\backslash$ $H$ $e^{-itH}$
. , ,
.
, $H,$ $A$ $C$ , $[H, iA]=C(C>0)$
, $H$ Putnam [7] [8] .
, Lavine [9] [10]. ,
: $K$- , –$\Psi$



















$Te^{-\dot{\cdot}tH}=e^{-\dot{\cdot}tH}(T+t),\forall t\in \mathrm{R}^{1}$ (1.2)
. , $T$ $H$ $\mathcal{H}$





. , $(\Delta T)_{\psi}:=||(T\cdot-\langle\psi, T\psi\rangle)\psi||$ $\psi(\in?l)$ $T$ ,
$|\langle\psi,$ $e^{-\dot{\cdot}tH}\psi\rangle|^{2}$ $\psi$ ( survival probability)
. , $\mathfrak{B}^{\dot{\mathrm{a}}}$ ,
$(\Delta T)_{\psi}$ . 4 , 1
. , 1 e
. 5 ,





, Aharonov Bohm $T_{0}$ [14]( , Aharonov-Bohm
). Aharonov-Bohm $T_{0}$ , $To=(QP^{-1}+P^{-1}Q)/2$ , 1
$H_{0}:=P^{2}/2$ . ,
$Q$ $P$ , $P^{-1}$ $P$ . ,
32
$P^{-1}$ , $P$ 0 , . ,
. $Q,$ $P$ $L^{2}(\mathrm{R}^{1})$
, . , ,
. , $P$ $\mathrm{R}^{1}$
. , $P$ $P^{-1}$ .
, $P^{-1}$ . ,
.




, $\mathrm{D}\mathrm{o}\mathrm{m}(T\mathrm{o})$ $L^{2}(\mathrm{R}^{1})$ . , $L^{2}(\mathrm{R}_{k}^{1})$
$\mathrm{C}_{\mathrm{i}}:=\{\hat{\psi}\in C_{0}^{\infty}(\mathrm{R}_{k}^{1})|\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}\hat{\psi}\subset \mathrm{R}_{k}^{1}\backslash \{0\}\}$ , (2.1)
. $\mathrm{C}_{\mathrm{i}}\subset F\mathrm{D}\mathrm{o}\mathrm{m}(T_{0})=\mathrm{D}\mathrm{o}\mathrm{m}(FT_{0}F^{-1})$ , , $T_{0}$ $T_{0}^{*}$
( , $\hat{\psi}:=F\psi,$ $F$ : $F:L^{2}(\mathrm{R}^{1})arrow L^{2}(\mathrm{R}_{k}^{1})$). $T_{0}$ , $\ovalbox{\tt\small REJECT}$
, $T_{0}\subset T_{0}^{*}$ .
[13]. ,
[5]. , $H_{0}$ Pauli
, $T_{0}$ . , , $T_{0}$
[5] .
, , $T_{0}$ .
2.1 $L^{2}(\mathrm{R}^{1})$ $\overline{T_{0}}$ :
$\mathrm{D}\mathrm{o}\mathrm{m}(\overline{T_{0}})$ $:=\{\psi\in L^{2}(\mathrm{R}^{1})$ $\hat{\psi}\in(k\{0\}),\frac{\hat{\psi}(k)}{|k|^{1/2},|^{2}dk}=0\int_{\mathrm{R}_{k}^{1}}|\frac{AC\mathrm{R}^{1}\backslash d\hat{\psi}(k)/k}{dk}+\frac{1}{k}\frac{d\hat{\psi}(k)\lim_{karrow 0}}{dk}<\infty’\}$ ,
$( \overline{\overline{T_{0}}\psi})(k):=\frac{i}{2}(\frac{d\hat{\psi}(k)/k}{dk}+\frac{1}{k}\frac{d\hat{\psi}(k)}{dk})$ , $\mathrm{a}.\mathrm{e}$ . $k\in \mathrm{R}_{k}^{1}$ , $\psi\in \mathrm{D}\mathrm{o}\mathrm{m}(\overline{T_{0}})$ .
21 $\overline{T_{0}}$ , $T_{0}\subset\overline{T_{0}}$ . , $t\in \mathrm{C}({\rm Im} t\leq 0)$ $\psi\in \mathrm{D}\mathrm{o}\mathrm{m}(\overline{T_{0}})$
$e^{-itH_{0}}\psi\in \mathrm{D}\mathrm{o}\mathrm{m}(\overline{T_{0}})$ ,
$\overline{T_{0}}e^{-itH_{0}}=e^{-itH_{0}}(\overline{T_{0}}+t),$ $\forall t\in \mathrm{C}({\rm Im} t\leq 0)$ , (2.2)
. , $H_{0}:=P^{2}/2$ .
33
(2.2) , $T_{0}$ $H_{0}$ . $e^{-itH_{0}}$ , $\mathrm{D}\mathrm{o}\mathrm{m}(T_{0})$
. , ,
$g(k):=\{$
$e^{-1/k_{\frac{1}{1+|k|^{s}}}^{2}}$ $(k\neq 0)$ ,
0 $(k=0)$ .
, $1/2<s\leq 3/2$ . (2.2) , $\overline{T_{0}}$ $H_{0}$ .
3
(2.2) , T :
$Te^{-1tH}.=e^{-:tH}(T+t),$ $\forall t\in \mathrm{R}$ . (3.1)
, $T$ $H$ $\mathcal{H}$ .
(3.1) $T$ $H$ , . ,
[6] .
, Weyl (3.1) .
31 $T$ , $T$ $H$ (3.1) , $\mathcal{H}$ $D$ ,
(i) $D\subset \mathrm{D}\mathrm{o}\mathrm{m}(TH)$ $\cap \mathrm{D}\mathrm{o}\mathrm{m}(HT)$ ,
(ii) $H$ : $Darrow D$,
(iii) Dom(TH)\cap Dom(HT) , TH-HT $=i$ .
(iv) , $T$ , $T$ $H$ Weyl
$e^{-:sT}e^{-:tH}=e^{-:\epsilon t}e^{-1tH_{C}-:sT}.$ , $\forall s,$ $\forall t\in \mathrm{R}^{1}$
.
, $T$ , $T$ $H$ (3.1) , $T$ $H$ (3.1)
, (3.1) . , [15] . (2.2)
(iii) , $\overline{T_{0}}$ 1 . , (iv)
$\overline{T_{0}}$ . , , Weyl von
Neumann , $\overline{T_{0}}$ $H_{0}$ $L^{2}(\mathrm{R}^{1})$ $Q$ $P$
. , $H_{0}$ .
$\ovalbox{\tt\small REJECT}$ .
3.1 $T$ $H$ (3.1) . ,
$||E(B)\psi||^{2}\leq||T\psi||||\psi|||B|,$ $\forall\psi\in \mathrm{D}\mathrm{o}\mathrm{m}(T)$ , $\forall B\in \mathrm{B}^{1}$ (3.2)
. , $E(B)$ $H$ , $\mathrm{B}^{1}$ $\mathrm{R}^{1}$ Borel
. , $|B|$ $B$ . Dom(T)
, $H$ .
34
, Putnam [16] [8]
$||C^{1/2}E_{H}(B)\psi||^{2}\leq||A||||\psi||^{2}|B|$ , $\forall\psi\in \mathcal{H}\forall B\in \mathrm{B}^{1}$ . (3.3)
. , $H,$ $A$ $C$ , $[H, iA]=C(>0)$
. (3.2) , (3.3)
. , (3.2) (3.3) .
, .
3.2 $T$ $H$ (3.1) . , $H\geq 0$ , $t\in \mathrm{C}$ $($
${\rm Im} t\leq 0)$ (3.1) ,
$( \Delta T)_{\psi}(\Delta H)_{\psi}>\frac{1}{2’}$ $\forall\psi\in \mathrm{D}\mathrm{o}\mathrm{m}(TH)\cap \mathrm{D}\mathrm{o}\mathrm{m}(HT)$ $(||\psi||=1)$
. ( ) .
3.1 (iii) , Schwarz . ,
, . , Weyl
(3.1) . 1 Aharonov-Bohm $\overline{T_{0}}$
(2.2) , . , $\overline{T_{0}}$ $H_{0}$ ,
. , Kobe [1]:
$\lim_{narrow\infty}(\Delta\overline{T_{0}})_{\varphi_{n}}(\Delta H_{0})_{\varphi_{n}}=\frac{1}{2}$ .
, $\hat{\varphi}_{n}(k)--N_{n}k^{n}e^{-ak^{2}}$ ($a>0,$ $n$ 2 , $N_{n}$ ) . , $\varphi_{n}$
$L^{2}$ . , Wigner [17] Baute [18]
.
, (3.1) . ,




, [20, 21, 22] ). , . $\mathcal{H}$
$H$ . , $\psi(\in \mathcal{H})$
$t\in \mathrm{R}^{1}$ $|\langle\psi,$ $e^{-itH}\psi\rangle|^{2}$ $\psi$ (autocorrelation function) .
$\psi$ surrvival probability . , $\psi$ $t$ $e^{-1tH}.\psi$
. $\psi$ 1 $P\psi$ ,
$|\langle\psi,$ $e^{-itH}\psi\rangle|^{2}=||P\psi e^{-itH}\psi||^{2}$ . , ,
. , (revi l
phenomena) , Rb Rydberg ,
( , [23, 24, 25]). ,
.
35
33 $T$ $H$ (3.1) ,
$|\langle\psi,$
$e^{-1lH}. \psi\rangle|^{2}\leq\frac{4(\Delta T)_{\psi}^{2}||\psi||^{2}}{t^{2}}$ , $\forall t\in \mathrm{R}^{1}\backslash \{0\}$ , $\forall\psi\in \mathrm{D}\mathrm{o}\mathrm{m}(T)$ , (3.4)
. , $(\Delta T)_{\psi}:=||(T-(\psi, T\psi\rangle)\psi||$ .
$\psi\in \mathrm{D}\mathrm{o}\mathrm{m}(T)$ . (3.1) $Se^{-1tH}.\psi=e^{-1tH}.(S+t)\psi(S:=T-\langle\psi, T\psi\rangle)$
. ,
$t\langle\psi,$ $e^{-\dot{\cdot}tH}\psi\rangle=\langle\psi,$ $e^{-1tH}.S\psi\rangle-\langle\psi,$ $Se^{-1tH}.\psi\rangle=\langle e^{1tH}.\psi,$ $S\psi\rangle-\langle S\psi,$ $e^{-tH}\psi\rangle$ ,
$|t||\langle\psi,$ $e^{-1tH}.\psi\rangle|\leq 2||S\psi||||\psi||$ .
, (3.4) . I
, $T$ $H$ . ,
.
3.1 $T$ $H$ (3.1) . , $T$ .
$T$ $\lambda\in \mathrm{R}^{1}$ . , $\lambda$ 0
$\psi_{\lambda}\in \mathrm{D}\mathrm{o}\mathrm{m}(T)$ : $T\psi\lambda=\lambda\psi\lambda$.
: $||\psi_{\lambda}||=1$ . , $(\Delta T)_{\psi_{\lambda}}=0$ . , $\psi_{\lambda}$ (3.4)
, $\langle\psi_{\lambda},$ $e^{-:tH}\psi_{\lambda}\rangle=0,$ $\forall t\in \mathrm{R}^{1}\backslash \{0\}$ . $e^{-1tH}$. $t\in \mathrm{R}^{1}$ , $||\psi_{\lambda}||^{2}=$
$\lim_{tarrow 0}\langle\psi_{\lambda},$ $e^{-:tH}\psi_{\lambda}\rangle=0$ . $\psi_{\lambda}$ $\neq 0$ . , $T$
$\mathrm{a}$ . I
(3.4) , Dom(T) $\mathcal{H}$ , $H$
.
3.2 $T$ $H$ (3.1) . , $H$ .
Dom(T) $\mathcal{H}$ , $\psi\in \mathcal{H}$ , $\psi$ Dom(T)





$\lim_{tarrow\pm}\sup_{\infty}|\langle\psi,$ $e^{-1tH}.\psi\rangle|$ $\leq$ $\lim_{tarrow\pm}\sup_{\infty}|\langle\psi_{n},$ $e^{-1tH}.\psi_{n}\rangle|+(||\psi||+||\psi_{n}||)||\psi-\psi_{n}||$
$=$ $(||\psi||+||\psi_{n}||)||\psi-\psi_{n}||$ .
36
, , (3.4) $\psi_{n}\in \mathrm{D}\mathrm{o}\mathrm{m}(T)$ . ,
$n\in \mathrm{N}$ , $narrow\infty$ ,
$\forall\psi\in \mathcal{H}$ , $\lim_{tarrow\pm\infty}\langle\psi,$ $e^{-itH}\psi\rangle=0$ (3.5)
. , $H$ . , $H$
, , $\lambda\in \mathrm{R}^{1}$ , $H\psi_{\lambda}=\lambda\psi\lambda(\psi\lambda\neq 0)$. , $\psi_{\lambda}$
$|\langle\psi_{\lambda},$ $e^{-itH}\psi_{\lambda}\rangle|^{2}$ , $tarrow\pm\infty$ 0 . (3.5) .
, $H$ . 1
$H$ , 3.1 $H$ ,
. , $H$ , , $H$ (3.1)
$T$ , , (3.5) , $tarrow\pm\infty$
. $T$ , $H$ ,
, T( ) ,
$|\langle\psi,$ $e^{-itH}\psi\rangle|^{2}$ .
, (3.4)
. (3.4) $1/t^{2}$ , 1
Aharonov-Bohm 5 .
4
, 1 , $H_{0}$
$V(x)$ $H_{1}(:=H_{0}+V)$ .
, Putnam [26] : $V(x)$ ,
$0\leq V(x)\leq$ $\infty$ , $V\in L^{1}(\mathrm{R}^{1})$ , (4.1)
. , $H_{1}(:=H_{0}+V)$ $L^{2}(\mathrm{R}^{1})$
, , ( , M\"oller ) $W\pm$ ,
$W \pm:=\mathrm{s}-\lim_{tarrow\pm\infty}e^{itH_{1}}e^{-itH_{0}}$ (4.2)
, $L^{2}(\mathrm{R}^{1})$ . ??s-,, . ,
$H_{1}=W_{\pm}H_{0}W_{\pm}^{*}$ (4.3)
. , $T\pm$ :
$T_{1,\pm}:=W\pm\overline{T0}W_{\pm}^{*}$ , $\mathrm{D}\mathrm{o}\mathrm{m}(T_{1,\pm}):=W\pm \mathrm{D}\mathrm{o}\mathrm{m}(\overline{T_{0}})$. (4.4)
37
, $\mathrm{L}\infty \mathrm{n}$’ [27] Baute [28]
, $T_{1,\pm}$ . , $\overline{T_{0}}$
$\ovalbox{\tt\small REJECT}$ (2.2) . , $T_{1,\pm}$ $H_{1}$
$T_{1,\pm}e^{-\dot{\cdot}tH_{1}}=e^{-1tH_{1}}.(T_{1,\pm}+t)$ , $\forall t\in \mathrm{C}({\rm Im} t\leq 0)$ , (4.5)
, Tl, . (4.5) , $\overline{T_{0}}$ $H_{0}$
$T_{1,\pm}$ $H_{1}$ , 3 . ,
$|\langle\psi,$
$e^{-1tH_{1}}. \psi\rangle|^{2}\leq\frac{4(\Delta T_{1,\pm})_{\psi}^{2}||\psi||^{2}}{t^{2}}$ , $\forall t\in \mathrm{R}^{1}\backslash \{0\},$ $\forall\psi\in \mathrm{D}\mathrm{o}\mathrm{m}(T_{1,\pm})$ (4.6)
.
, . ,
$H_{0}$ $H_{1}$ ( )
, [6].





, 1 , (3.4)
. , 1 , 1
$1/t^{2}$ , , $1/t^{2}$
.
, 1 , (3.4)
$\mathfrak{B}^{\mathrm{i}}1/t^{2}$ .
5.1 $L^{2}$- $\hat{\varphi}_{n}(k)=N_{n}k^{n}e^{-ak^{2}}$ ($a>0,$ $n$ }2 , $N_{n}$ ) .
$\varphi_{n}\text{ }1$ , $|\langle\varphi_{n},$ $e^{-1tH_{0}}.\varphi_{n}\rangle|2 =|\langle\hat{\varphi}_{n},$ $e^{-1tk^{2}/2}.\hat{\varphi}_{n}\rangle|^{2}=$
$(1+t^{2}/16a^{2})^{-(2n+1)/2}$ .
, $n\geq 2$ $\varphi_{n}\in \mathrm{D}\mathrm{o}\mathrm{m}(\overline{T_{0}})$ . , $\varphi \mathrm{o}$ ( $\mathrm{G}\mathrm{a}\mathrm{u}\mathrm{s}\mathrm{s}$ ) $\varphi_{1}$
$\mathrm{D}\mathrm{o}\mathrm{m}(\overline{T_{0}})$ . $\mathrm{D}\mathrm{o}\mathrm{m}(\overline{T0})$ . $\varphi 0$ ,
: $|\langle\varphi 0,$ $e^{-\cdot tH_{0}}.\varphi 0\rangle|^{2}=O(1/t)$ , $\varphi 0\in \mathrm{D}\mathrm{o}\mathrm{m}(\overline{T_{0}})$
(3.4) . , $\varphi 0\not\in \mathrm{D}\mathrm{o}\mathrm{m}(\overline{T0})$ . ,
\mbox{\boldmath $\varphi$}d\breve \acute } . , $|\langle\varphi_{1},$ $e^{-1tH_{0}}.\varphi_{1}\rangle|^{2}=O(1/t^{3})$
. : $\forall\psi\in L^{2}(\mathrm{R}^{1})$ ,
$\psi\in \mathrm{D}\mathrm{o}\mathrm{m}(\overline{T_{0}})$ $\Rightarrow$ $\exists C>0,\forall t\in \mathrm{R}^{1}\backslash \{0\},$ $|\langle\psi,$ $e^{-tH_{0}} \psi\rangle|^{2}\leq\frac{C}{t^{2}}$ . (5.1)
38
, .
, $\mathrm{D}\mathrm{o}\mathrm{m}(\overline{T_{0}})$ , $\mathrm{a}\theta$ $1/t^{2}$




$|\langle\psi,$ $e^{-ilH_{0}}\psi\rangle|^{2}$ $1/t^{2}$ . , $V$ $\mathrm{I}\backslash$
$H_{1}(:=H_{0}+V)$ [ , $|\langle\psi,$ $e^{-itH_{1}}\psi\rangle|^{2}$ $1/t^{2}$ ? , $1/t^{2}$
.
, : $L^{2}(\mathrm{R}^{1})$ $A$ $n$
, $L^{2}(\mathrm{R}^{1})$ $\mathrm{C}(A, n)$ :
$\mathrm{C}(A, n):=\{\psi\in L^{2}(\mathrm{R}^{1})|\exists C>0,$ $\forall t\in \mathrm{R}^{1}\backslash \{0\},$ $|\langle\psi,$ $e^{-itA} \psi\rangle|^{2}\leq\frac{C^{2}}{|t|^{n}}\}$ . (5.2)
, $V(x)$ (4.1) .
$\mathrm{D}\mathrm{o}\mathrm{m}(\overline{T_{0}})\subset \mathrm{C}(H_{0},2)\subset L^{2}(\mathrm{R}^{1})$ , (5.3)
$\mathrm{D}\mathrm{o}\mathrm{m}(T_{1,\pm})\subset \mathrm{C}(H_{1},2)\subset L^{2}(\mathrm{R}^{1})$ (5.4)
. : $\mathrm{C}(H_{0},2)\cap \mathrm{C}(H_{1},2)$ $L^{2}(\mathrm{R}^{1})$






$\exists\delta>2,$ $\exists c>0,$ $\forall x\in \mathrm{R}^{1},$ $|V(x)| \leq\frac{c}{(1+|x|)^{\delta}}$ . (5.5)
$V(x)$ $H_{1}$ $L^{2}(\mathrm{R}^{1})$ $H_{1}:=H_{0}+V$
. , $H_{1}$ , , [30].
, Agmon- , $H_{1}$
[31].
, $H_{1}$ $H_{0}$ $|\langle\psi,$ $e^{-itH_{1}}\psi\rangle|^{2}$ .
W :
$W_{\pm}:= \mathrm{s}-\lim e^{itH_{1}}e^{-itH_{0}}$ .
$tarrow\pm\infty$
39
$V(x)\in L^{1}(\mathrm{R}^{1})\cap L^{2}(\mathrm{R}^{1})$ , W , (complete) [32]. ,
(42) , W . ,
$W_{\pm}^{*}W_{\pm}=1$ , $W_{\pm}W_{\pm}^{*}=P_{\mathrm{a}c}(H_{1})$ . (5.6)
, $P_{\mathrm{a}\mathrm{c}}(H_{1})$ $H_{1}$ ( [33, 34, 35]
). ,
$e^{-1tH_{1}}.W_{\pm}=W_{\pm}e^{-1tH_{0}}.,\forall t\in \mathrm{R}$ . (5.7)
, (5.6) (5.7) , $\psi\in L^{2}(\mathrm{R}^{1})$
$\langle P_{\mathrm{a}c}(H_{1})\psi,$ $e^{-\mathrm{u}H_{1}}P_{\mathrm{a}\mathrm{c}}(H_{1})\psi\rangle=\langle W_{\pm}^{*}\psi,$ $e^{-\dot{\cdot}tH_{0}}W_{\pm}^{*}\psi\rangle$ (5.8)
. , $W_{\pm}^{*}\psi$ .
, $s$ $s’$ ,
$s+s’=\delta,$ $s>3/2,$ $s’>1/2,$ $s’\leq s$ , (5.9)
, L2- ,
$( \overline{W_{\pm}^{*}}\psi)(k)=\int_{\mathrm{R}^{1}}\overline{\varphi\pm(x,k)}\psi(x)dx$ , $\mathrm{a}.\mathrm{e}$ . $k\in \mathrm{R}_{k}^{1},$ $\forall\psi\in L^{2,\epsilon}(\mathrm{R}^{1})$ , (5.10)
. , $(^{-})$ . , $L^{2,\epsilon}(\mathrm{R}^{1})$ $L^{2}$- , $\int_{\mathrm{R}^{1}}(1+$
$|x|^{2})^{s}|\psi(x)|^{2}dx<\infty$ $L^{2}$- $\psi$ . , (5.9) , $L^{2,\epsilon}(\mathrm{R}^{1})\subset$
$L^{1}(\mathrm{R}^{1})$ . $\mathrm{R}^{1}\mathrm{x}\mathrm{R}_{k}^{1}\backslash \{0\}$ $\varphi\pm(x, k)$ , $H_{1}$ ( $H_{1}$
) . (5.5) (5.9) , $\varphi\pm(x, k)$ $L^{2,-s}(\mathrm{R}^{1})$
, (5.10) . , 1 -Lippmann-Schwinger :
, $x\in \mathrm{R}^{1}$ $k\in \mathrm{R}_{k}^{1}\backslash \{0\}$ , ,
$\varphi\pm(x, k)=(2\pi)^{-1/2}e^{:kx}+g\pm(x, k)$ , (5.11)
$g \pm(x, k):=\mp\frac{1}{2i|k|}\int_{\mathrm{R}^{1}}e^{l:[k||x-y|}V(y)\varphi\pm(y, k)dy$. (5.12)
, $k\in \mathrm{R}_{k}^{1}\backslash \{0\}$ , $\varphi\pm(x, k)$ la $x$ cl- ,
Schr\"odinger ,
$(- \frac{1}{2}\frac{d^{2}}{dx^{2}}+V(x))\varphi\pm(x, k)=k^{2}\varphi\pm(x, k)$ , (5.13)
. , .
, $[36, 37]$ . (5.10) (5.11) , (5.8)
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4 :







, $\psi\in L^{2,s}(\mathrm{R}^{1})$ . , 4 $1/t$
. 1 , .
51 $H_{1}(:=H0+V)$ 1 , , $V(x)$
(5.5) . , $x\in \mathrm{I}(:=\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}V(x))$ , (5.11) t $H_{1}$
$\varphi\pm(x, k)$ $C^{1}(\mathrm{R}_{k}^{1}\backslash \{0\})$ , T 3 :
$\gamma\pm:=$ $\sup$ $|\varphi\pm(x, k)|<\infty$ , (5.15)
$x\in 1,k\in \mathrm{R}_{k}^{1}\backslash \{0\}$
$\delta_{\pm}:=\sup_{x\in 1,k\in \mathrm{R}_{k}^{1}\backslash \{0\}}|\frac{\varphi\pm(x,k)}{k}|<\infty$, (5.16)
$\gamma_{\partial,\pm}:=\sup_{x\in 1,k\in \mathrm{R}_{k}^{1}\backslash \{0\}}|\frac{\partial\varphi_{\pm}(x,k)}{\partial k}|<\infty$ . (5.17)
, $\psi\in \mathrm{D}\mathrm{o}\mathrm{m}(\overline{T_{0}})\cap \mathrm{S}(\mathrm{R}^{1})$ $C>0$ ,
$|\langle P_{\mathrm{a}\mathrm{c}}(H_{1})\psi,$ $e^{-itH_{1}}P_{\mathrm{a}\mathrm{c}}(H_{1}) \psi\rangle|\leq\frac{C}{|t|}$ (5.18)
$t\in \mathrm{R}^{1}\backslash \{0\}$ , ,
$P_{\mathrm{a}c}(H_{1})(\mathrm{D}\mathrm{o}\mathrm{m}(\overline{T_{0}})\cap S(\mathrm{R}^{1}))$ $\subset \mathrm{C}(H_{1},2)$ (5.19)
.
$S(\mathrm{R}^{1})$ , . , $P_{\mathrm{a}\mathrm{c}}(H_{1})$







51 $\mathcal{H}$ , $A$ $\mathcal{H}$ . , $\mathrm{C}(A)\subset P_{\mathrm{c}}(A)\mathcal{H}$
. ,
$\mathrm{C}(A):=\{\psi\in \mathcal{H}|\exists C>0,$ $\exists.n>0,\forall t\in \mathrm{R}^{1}\backslash \{0\},$ $|\langle\psi,$ $e^{-1tA}. \psi\rangle|^{2}\leq\frac{C^{2}}{|t|^{n}}\}$ ,
, $P_{\mathrm{c}}(A):=P_{\mathrm{a}c}(A)+P_{\mathrm{s}\mathrm{i}\mathrm{n}\mathrm{g}}(A)$ .
$P_{\mathrm{s}\mathrm{i}\mathrm{n}\mathrm{g}}(A)$ , $A$ [33, 34, 35]. , (5.20)
. $\mathrm{C}(H_{1},2)$ , $\mathrm{C}(H_{1},2)\subset P_{\mathrm{c}}(H_{1})L^{2}(\mathrm{R}^{1})$ .
, (5.5) , 5.1 $H_{1}$ ,
$P_{\mathrm{s}\mathrm{i}\mathrm{n}\mathrm{g}}(H_{1})=0$. , (5.20) .
(5.19) (5.20) ,
$P_{\mathrm{a}\mathrm{c}}(H_{1})(\mathrm{D}\mathrm{o}\mathrm{m}(\overline{T_{0}})\cap S(\mathrm{R}^{1}))\subset \mathrm{C}(H_{1},2)\subset P_{\mathrm{a}\mathrm{c}}(H_{1})L^{2}(\mathrm{R}^{1})$ (5.21)
. , . , $\mathrm{D}\mathrm{o}\mathrm{m}(\overline{T_{0}})\cap S(\mathrm{R}^{1})$
$L^{2}(\mathrm{R}^{1})$ . , (2.1) $L^{2}(\mathrm{R}_{k}^{1})$ $\mathrm{C}_{\mathrm{i}}$ .
, (5.3) (5.21) , .
5.1 5.1 , $(P_{\mathrm{a}c}(H_{1})\mathrm{C}(H_{0},2))\cap \mathrm{C}(H_{1},2)$ $P_{\mathrm{a}\mathrm{c}}(H_{1})L^{2}(\mathrm{R}^{1})$
.
$H_{1}$ , $P_{\mathrm{a}c}(H_{1})L^{2}(\mathrm{R}^{1})$ $H_{1}$
. (5.5) , $V(x)\geq 0$
, $V(x)$ (4.1) . , $H_{0}$ H\sim , H\sim
. , $P_{\mathrm{a}\mathrm{c}}(H_{1})$ $L^{2}(\mathrm{R}^{1})$ .
, .







, $a>0,$ $V_{0}>0$ . $L^{2}(\mathrm{R}^{1})$ $H_{1}(:=H_{0}+V)$
. $H_{1}$ . $V(x)$ (5.5) $V(x)\geq 0$ , $P_{\mathrm{a}\mathrm{c}}(H_{1})=1$ ,
$H_{1}$ . , (5.11) (5.13) $H_{1}$ ,
, 5.1 (5.15), (5.16), (5.17) . ,
42
52 . , $\psi\in \mathrm{D}\mathrm{o}\mathrm{m}(\overline{T_{0}})\cap S(\mathrm{R}^{1})$ ,
$V_{0}>0$ , $a>0$ , $C>0$ ,
$|\langle\psi,$ $e^{-itH_{1}} \psi\rangle|\leq\frac{C}{|t|}$ (5.23)




, , POVM(positive operator





. (3.4) , , 1 Aharonov-Bohm
( 2.1) ,
, $1/t^{2}$ . $L^{2}(\mathrm{R}^{1})$ ,
$1/t^{2}$ ,
. 5 , $1/t^{2}$
1 . ,
, , $>1*/t^{2}$











( ), ( ) . ,
( ) .
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